The absorption effect due to a general surface miscut is given, and its reduction by averaging for an axis of rotation is shown.
The absorption factor for X-ray intensities measured in reflection diffractometry is the usual angle-independent term, 1/(2/~), only if the sample surface normal n is in the plane defined by the X-ray diffraction vector S and the diffractometer axis of rotation, and the absorption can increase or decrease appreciably for small departures from this symmetric arrangement. Mair, Prager & Barnea (1971) gave an expression for the absorption factor in the general case and showed the miscut effect (the change in absorption due to an asymmetric normal orientation) could be eliminated by averaging any measurement with a second taken with the sample rotated 180 : about S. This note gives an alternate form for the general absorption factor expressed in conventional diffractometer angles and evaluates an averaging procedure when the ~p axis is parallel to a sample axis of rotational symmetry.
We use the diffractometer geometry shown by Mclntyre (1981) with 09=0, so for 7.=90 ~ the ~p axis is parallel to S, and we set ~p =0 ° when the surface normal n, which makes an angle ~ with the ~p axis, is coplanar with and in between the ~p axis and the diffractometer axis. The absorption factor can then be shown to be ,[ tan sin --1 A = 2--~ 1 -cot 0 sin 7.-tan ~ cos 7, cos ~p
where fl is an effective miscut angle, the angle in the diffraction plane between the trace of the sample surface and the trace of the plane perpendicular to S.
The miscut term, M, vanishes for the symmetric orientations, ~p=0 or 180 °, and reduces to the usual form, +cot 0 tan ~, when n is in the diffraction plane. Its dependence on angles is shown more clearly by the approximation M = cot 0 tan ct sin tp/sin 7`. 5 0"2304 0"00116 0"0000059 10 0"1143 0"00058 0"0000029 20 0"0554 0-00028 0-0000014 40 0'0240 0"00012 0"0000006 60 0"0116 0-00006 0-0000003 80 0"0036 0"00002 0"0000001
Values of Mvs 0, calculated for Z = 60=, ~P = 90~, and a miscut angle 7 = 1-, are given in Table 1 to illustrate the possible size of this effect for a typical condition. If the ~p axis is parallel to a twofold axis of rotation of the sample, the miscut term M2, obtained on averaging M(~p) and M(~p+ 180:), is found to be ½ tanZ~ sin 2~p cos Z M 2 = cot 0 sin2z--tan2~ cos2z cos2~p " This term vanishes for ~o = N, 90 = or for Z = 90. Values of M 2 vs 0, for 7. = 60-, ~p = 45", and c~ = 1, are given in Table 1 to show the appreciable reduction that can be achieved by this averaging; here M 2 = M:200.
If the ~p axis is parallel to a sample threefold axis of rotation, the miscut term M3, obtained by averaging M(~p), M(~p+120:), and M(~p+240-), is even smaller. M 3 varies approximately as tan30~ and vanishes for ~p = N, 60 or for 7.=90~; the values of M 3 vs 0 given in Table 1 , for 7=60 ~, ~p = 30 =, and c~ = 1:, show that here M 3 ~-M/40000. The importance of the miscut effect in accurate intensity measurements is clear, and efforts to cut a sample surface sufficiently accurately that the effect can be neglected are difficult to assess. The alternative suggested, to cut a surface approximately perpendicular to an axis of rotation and average intensities over the symmetry-related points, can yield a negligible average miscut effect for a wide range of experimental parameters, and it seems an effective approach, particularly for automated diffractometry.
